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J. Phys. France 49 (1988) 1615 [2] and Shibaev and Plate [3] . The [4] [5] [6] [7] showed that on length scales being large compared with the monomer-monomer distance the BB might be considered as an anisotropic random coil with Rz R 1-, where R, and R 1-are the radii of gyration of the BB parallel and perpendicular to the director of the side chains respectively. Both radii of gyration are temperature dependent [5] [6] [7] ; (b) it was found by small angle X-ray scattering (SAXS) experiments that the smectic order is affected by the constraint that the side chains are attached to the BBs [8, 9] . A further point must be mentioned here : Boeffel et al. [10, 11] found by 2H-NMR methods that the local orientation of the BB depends on the specific chemical structure of the BB. Assuming that the results by Boeffel et al. are not misleading because they might be a consequence of a superstructure of the BB it is clear from their results that the conformation problem is hard to attack from a pure microscopical point of view since a small change in the structure of the BB seems to lead to a totally different conformational behaviour [10, 11] .
In the following we confine ourselves to the case where the BBs are mainly located in the planes between the smectic lamellae which are built by the side chains. It is an observational fact [4] [5] [6] [7] that Rz =F 0. For that reason it will be assumed that the BB runs through one or several lamellae on the average. Such a crossing is energetically unfavourable for the BB with its appending side chains locally destroys the smectic order, because along a crossing of the BB the side chains can not be arranged in such a way that they fit into the smectic lamellae. Note that the distance between two adjacent side chains is of the order of 5 A whereas the thickness of one lamella is of the order of 30 A. That implies that about five side chains can not match the lamellar order during one crossing. In our theory the crossings will be taken into account by weighting the appearance of one of them by a suitable Boltzmann-factor exp (-E/kT ) where E is the free energy of one crossing.
The issue of this paper is threefold : in the next section the packing (or excluded volume) problem of the BBs in the interlamellar planes will be discussed and two models will be proposed which take into account the excluded volume constraints. Furthermore it will be shown that the assumption that the BB behaves like an ordinary two-dimensional random walk in these planes [12, 13] [11] indicate that the BB by Malakis [17] and has recently found renewed interest [18] [19] [20] [21] . That implies that k = ko is changed to some effective k:&#x3E; ko. Unfortunately the solution of the two-dimensional k-tolerant compact RW problem for some fixed k is presently far out of reach. That is the reason why we must confine ourselves in the following to some more simple models for the conformational behaviour of the BB in the interlamellar planes.
In the next section we present a hierarchy of RW models which begins with the unrealistic case of the ordinary. two-dimensional RW. On the next level the two-dimensional self-avoiding walk (SAW) and the two-dimensional compact self-avoiding walk ard considered. The use of single chain statistics in these three models is justified for the following reasons : the ordinary RW model is discussed in order to obtain insight into the properties of the most simple [22] in their theory for the nematic phases of LSP but not in the paper of Renz and Warner [13] in their approach to the BB conformation problem in the smectic phase. The latter author argues [23] that the leading term in the expression for the entropy of the system (see next section) is in any case proportional to the length of the part of the BB which is considered. This point of view is useful when one attempts to describe models where the number of degrees of freedom increases exponentially with the chain length. As will be shown below the straight walk model does not belong to this class of models. Furthermore, the parameters which appear in the simple RW approach can not be interpreted in the microscopic sense as was done in reference [5] because the consideration of restrictions on the number of BB conformations as proposed in this paper affects the parameters which appear in the simple RW approach.
Before turning to the theory a comparison will be made between the assumptions we make and the ones used by Renz and Warner in their theory [13] for the conformation problem of LSP in the smectics phase. In the RW models which will be discussed in the subsequent sections the RW is strictly confined to a plane between the smectic lamellae, i.e. except for the jumps through the lamellae the BB is assumed to be well localized in the interlamellar planes. This [10, 11] to which our theories do not apply in the present form.
3. The theory for lattice RW models.
The conformation of the BB is described by several types of RWs. Such a RW is placed on a lattice with lattice spacing a and coordination number qo in the interlamellar x-y-plane and step length Da = d in the z-direction, see figure 3 where the case qo = 4 (the tetragonal case) is depkcted. One step of the RW comprises several bonds of the real BB in order to receive RW steps which are statistically independent [21] . This means that the real BB with N bonds is replaced by an equivalent chain with n N steps with the total length L of the BB not being affected, i.e. Nb = na = L, where b is the monomer-monomer distance. This equivalent chain is assumed to show on a coarse-grained level the same behaviour with respect to large scale properties as, e.g., the mean squared end-to-end distance as the real BB [21] . [29] . Presently our aim is to calculate the canonical partition function Qn of a RW with n steps. With the aid of Qn the mean squared end-to-end distances in the x-y-plane and in the z-direction will be derived. Qn will be derived from the generating function or isobaric partition function G (x ), see equation (8) below. G (x ) is on the other hand computed from the sequence generating functions (or partial isobaric partition functions) U(x ) and V (x ). The method of generating functions (GF) is explained in more detail in references [30, 31] . The Because the free energy F = -kT In Q n has to be proportional to n for n &#x3E; 1 Qn must be of the form, see reference [31] Comparing equations (8) and (9) [24] . Because qo &#x3E; 1 it is possible to expand the left side of equation (13) about xo = qo 1. Retaining the first two terms of this expansion and using relation (9) we obtain Note that for D = 1 and E = 0 the exact result for the isotropic RW is regained. From equation (14) nz and n-L are derived using equations ((10), (11) proportional to r2z and ri respectively [33] . The anisotropy factor a is in the asymptotic limit therefore given by Now we proceed to the second case namely the SAW model. The GF G (x ) is computed using the coefficients Vk given by equation (2). Because we know that the pole of G (x ) is located near x = q 11 1 *e can use the following asymptotic behaviour of the GF V (x ) [34] T (y ) is the gamma function. xo is given by the solution of the following equation
The partition sum is derived in the same way as before and we find
Comparison of this expression with the one given for the model of the simple RW, see equation (14),
shows that the introduction of excluded volume constraints in the way done here essentially replaces qo by ql and changes the lamellar thickness Da into an effective thickness Da/y. This change is due to the loss of degrees of freedom in the interlamellar planes. The mean squared end-to-end distance in the z-direction is derived as described above and is given by equation (16) [25] . For the mean squared end-to-end distance of the whole system in the x-y-plane we obtain for a fixed set of {mi} with Y mi = n -Dn z * where the subscript denotes the fact that no averaging with respect to the possible sets {mi} has been performed. The procedure of averaging is simplified by proceeding to the continuous case. Using the method which is described in reference [35] for a somewhat different system we finally obtain up to a constant of the order of unity From equations ( (24), (27) The derivation of rl is rather lengthy and will be given elsewhere [35] . The result for nz being fixed is found to be :
Neglecting the shortening of the part of the BB which lies in the interlamellar planes due to sequences which are involved in crossings and considering the same limit as before we obtain after averaging rl with respect to the probability density function of nz [35] with the weights p being given in (33) . From equations (32) and (35) [7] 
